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Abstract: An extracellular multiple form of endoxylanase was isolated from the xylanolytic complex of Aspergillus
niger B03. The enzyme was purified to a homogenous form using ultrafiltration, anion exchange chromatography, and
gel filtration. It was a nonglycosylated protein with a molecular weight of 20,000 Da as determined by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis, and 21,000 Da as determined by gel filtration. The optimal pH for the enzyme
action was 5.0 and the optimal temperature was 55 °C. Endoxylanase stability was significantly improved in the presence
of glycerol and sorbitol. The enzyme activity was activated by Mn2+ and Co2+, and it was inhibited by Ag+, Cu2+, Fe3+,
Fe2+, and Pb2+. The substrate specificity and the product profile of the enzyme suggested that it was an endoxylanase. The
enzyme showed a synergism with another endoxylanase from Aspergillus niger B03 in xylan hydrolysis.
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Introduction
Lignocellulose is the most abundant renewable
biomass available on our planet. It comprises 3 major
groups: cellulose, hemicellulose, and lignin (1). Xylan,
the principal component of hemicellulose, is formed
by a backbone of β-1,4-linked-D-xylopyranosyl
residues, with different substitute groups in the side
chain. Complete degradation of these polysaccharides
requires an enzymatic complex including xylanases
(1,4-β-D-xylan xylanohydrolase, EC 3.2.1.8) and
β-xylosidases (1,4-β-D-xylan xylohydrolase, EC
3.2.1.37). These enzymes are responsible for the
hydrolysis of the main chain. Enzymes such as
α-L-arabinofuranosidase (EC 3.2.1.55), α-Dglucuronidase (EC 3.2.1.139), acetyl xylan esterase
(EC 3.1.1.72), and ferulic or p-coumaric acid esterase
(EC 3.2.1.73) are needed for debranching (2,3).

In recent years, increasing concern over
preserving resources and the environment has
initiated a growing interest in the production of
microbial enzymes. Xylanases from microorganisms
have attracted a great deal of attention in the last
decade because of their biotechnological potential in
various industrial processes such as food, feed, and
paper-pulp industries (1,4).
Many fungi and bacteria are known to
express functionally diverse multiple isoforms of
endoxylanase. This multiplicity may be the result of
genetic redundancy, differential mRNA processing, or
posttranslational modification such as glycosylation,
autoaggregation, and/or proteolytic digestion (5-7).
Based on similarities in their amino acid sequences,
enzymes with endoxylanase activity have been found
in families 5, 7, 8, 10, 11, and 43, but most commonly
in families 10 and 11 (5). Members of these 2 families
7
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differ in their physicochemical properties (molecular
weight, isoelectric point) as well as in their actions
toward polysaccharides (8).
Research on the isolation and purification of
multiple endoxylanases and the identification of
their specific properties reveals the possibilities for
their industrial applications. In industrial processes,
the enzymes should be ideally tolerant to many
physicochemical environmental factors including
temperature, pH, and metal ions, and they should
have high catalytic efficiency.
In our previous studies, it was found that Aspergillus
niger B03 produced 2 enzymes with xylanolytic
activity (9). The aim of the present research was the
isolation and purification of the enzyme Xln-2 from
the xylanolytic system of Aspergillus niger B03 and
the determination of its main biochemical properties.
Materials and methods
Strain cultivation
The research was performed with a strain of
Aspergillus niger B03 obtained from Biovet JSC
(Peshtera, Bulgaria). The strain cultivation and
enzyme biosynthesis were carried out as described
previously (9).
Purification procedure
The purification procedure consisted of
ultrafiltration with a 10,000-Da membrane, anion
exchange chromatography using DEAE-Sephadex
A50, and gel filtration with Sephadex G75. The
anion exchange chromatography was carried out as
described by Dobrev et al. (9). The gel filtration was
performed on a Pharmacia biotech chromatographic
system equipped with a Sephadex G75 column (2.6
× 70.0 cm). The proteins were eluted using a 0.05 M
NaCl solution at a flow rate of 19.8 mL/h. Fractions
of 7.0 mL were collected.
Determination of Xln-2 molecular weight
The molecular weight of Xln-2 was determined
by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and gel filtration.
SDS-PAGE was performed using the method of
Laemmli (10) with 10.0% polyacrylamide gel at a
constant current of 10 mA. The following protein
calibration kit (Merck) was used: ovotransferrin
8

(78,000 Da), albumin (66,250 Da), ovalbumin (45,000
Da), carbonic anhydrase (30,000 Da), myoglobin
(17,200 Da), and cytochrome c (12,300 Da). The
staining procedure was done with Coomassie Blue
R-350.
The molecular weight of the enzyme was estimated
by gel filtration with Sephadex G75 using the following
protein calibration kit: cytochrome c (12,300 Da),
carbonic anhydrase (30,000 Da), ovalbumin (45,000
Da), and bovine albumin (67,000 Da).
Effect of pH and temperature on Xln-2 activity
and stability
The effect of pH and temperature on Xln-2 activity
was evaluated in the ranges of pH 2.5-8.0 (citrate
buffer) and 30-70 °C, respectively. Thermal and
pH stability was determined by preincubating the
enzyme at various temperatures (40 and 50 °C) and
pH values (5.0 and 7.0) for different time intervals.
The influence of polyhydric alcohols was studied by
preincubating the enzyme in the presence of 10%
(w/v) glycerol and 10% (w/v) sorbitol at 60 °C and a
pH of 5.0.
Effect of metal ions on Xln-2 activity
The effect of metal ions on Xln-2 was analyzed by
preincubating the enzyme in solutions containing 5,
10, and 20 mM concentrations of different salts for 30
min at 30 °C.
Determination of substrate specificity and
kinetic parameters of Xln-2
The substrate specificity of Xln-2 was tested
with 10 mg/mL of oat spelt xylan, birchwood
xylan, beechwood xylan, and carboxymethyl
cellulose, all from Sigma, by determination of the
reducing sugars using the dinitrosalicylic acid
method (11). The enzyme activity against Remazol
brilliant violet birchwood xylan (RBV-xylan) was
determined as described by Ronen et al. (12). When
1.0 mM ρ-nitrophenyl-β-D-xylopyranoside and
ρ-nitrophenyl-β-D-glucopyranoside (Sigma) were
used as substrates, the activity was determined as
described by Ponpium et al. (13).
The kinetic parameters of Xln-2 were determined
using oat spelt, birchwood, and beechwood xylans
as substrates in the initial concentration range of
3.0-9.0 mg/mL by applying the Lineweaver-Burk
transformation.
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Assays

Investigation of xylan hydrolysis by Xln-2
Xylan hydrolysis was performed with 40.0 mg/
mL of birchwood xylan and 12 U of Xln-2 at pH 5.0
and 40 °C, for up to 19 h. The enzyme action was
evaluated by measurement of the relative viscosity
with an Oswald viscometer (14), estimation of the
reducing sugar content (11), and determination of
the composition of the hydrolysates by HPLC.
HPLC was carried out on a Waters system with
a refractive index detector (R401) on a carbohydrate
column. The mobile phase was a mixture of
acetonitrile and water at a ratio of 87:13 with a flow
rate of 0.6 mL/min, and the column temperature was
30 °C.
The synergistic effect of Xln-2 and Xln-1,
isolated in a previous study (9), was evaluated by the
hydrolysis degree of birchwood xylan. The hydrolysis
was performed with 10.0 mL of birchwood xylan (10
mg/mL) and 12 U of the enzymes at pH 5.0 and 40 °C,
for up to 6 h. Three samples, respectively containing
Xln-2, Xln-1, and both enzyme preparations, were
prepared. At certain time intervals, the reducing
sugars released were determined (11). The synergistic
effect was evaluated in comparison to the theoretical
values of the reducing sugars formed by both enzyme
preparations.
Determination of xylanolytic activity
Xylanolytic activity was determined by mixing 0.2
mL of enzyme solution with 1.8 mL of a solution of oat
spelt xylan (10.0 mg/mL) in 100 mM sodium acetate
buffer at pH 5.0 and 50 °C for 10 min (15). Under
the assay conditions, 1 unit of xylanolytic activity was
defined as the amount of enzyme releasing 1 μmol
xylose/min.

The carbohydrate content of Xln-2 was
determined according to the method of Dubois et al.
(16). The protein concentration was determined by
the method of Lowry et al. (17), with bovine serum
albumin (Sigma) as the standard.
Results and discussion
Purification of Xln-2
The procedure for Xln-2 purification included
ultrafiltration, anion exchange chromatography, and
gel filtration (Table 1).
The results from the ultrafiltration and the anion
exchange chromatography were described in previous
research (9). After anion exchange chromatography,
2 peaks with xylanolytic activity were detected. The
first, designated as Xln-1, was determined to be an
endoxylanase and it was biochemically characterized
(9). The enzyme eluted in the second peak, marked
as Xln-2, is the subject of research in this article.
During the anion exchange chromatography, the
peak containing Xln-2 was eluted at a high ionic
strength of the eluent (0.5 М NaCl), indicating that
the enzyme was characterized with a pI value lower
than 5.5.
At this step of the purification procedure, Xln-2
was not purified to a homogenous form; 3 protein
bands were detected on the electropherogram (Figure
1, lane c). For further purification, it was subjected
to gel filtration on Sephadex G75 (Figure 2). After
this final step of the purification procedure, Xln-2
appeared as a single band on the electropherogram
(Figure 1, lane d), which showed that the enzyme was

Table 1. Procedures for Xln-2 purification.

Step
Crude supernatant

Total activity
(U)

Total protein
(mg)

Specificactivity
(U/mg)

Purification
(fold)

Yield
(%)

10,194.00

76.00

134.13

1.00

100.0

Ultrafiltration

8671.05

51.25

169.19

1.26

85.06

DEAE-Sephadex A50

2158.30

2.6

830.12

6.19

21.17

Sephadex G75

986.53

0.57

1730.75

12.90

9.67
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purified to a homogenous form. The homogeneity
of Xln-2 was confirmed by another gel filtration on
Sephadex G75. The analysis revealed a single protein
peak, corresponding to all xylanolytic active fractions
(data not shown).

78.000
66.250

Molecular weight of Xln-2
The molecular weight of Xln-2 was established
to be 20,000 Da by SDS-PAGE and 21,000 Da by gel
filtration. The close values achieved by these methods
suggested that the enzyme was a monomer protein.
No glycosylation of the enzyme was detected in the
analysis of its carbohydrate content.

45.000

30.000

Effect of pH and temperature on Xln-2 activity
and stability
17.200
12.300

a

b

c

d

Figure 1. Electropherogram of Xln-2: a) protein calibration kit,
b) crude enzyme preparation after ultrafiltration, c)
Xln-2 after anion exchange chromatography, and d)
Xln-2 after gel filtration.

The optimal pH and temperature values for Xln-2
action were pH 5.0 and 55 °C, respectively (Figures
3 and 4). The enzyme was stable at pH 5.0 and 40
°C. Under these conditions, it retained more than
90% of its activity for 120 min. The increase in pH
and temperature led to lower residual activity (data
not shown). The stability of Xln-2 was improved in
the presence of glycerol and sorbitol (Figure 5). The
enzyme was totally inactivated when incubated for
30 min under the conditions used, whereas in the
presence of glycerol and sorbitol, 25% of the residual
activity was detected. The polyhydric alcohols
probably stabilized the enzyme by decreasing the
water activity and the protein unfolding degree (18).
Effect of metal ions on Xln-2 activity
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Figure 2. Gel filtration of Xln-2 on Sephadex G75; the symbols
() represent Xln-2 activity and solid lines represent
A280 values.
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The effect of different concentrations of metal
ions on Xln-2 activity is summarized in Table 2. The
Xylanase activity (U/mL)
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Figure 3. Effect of pH on Xln-2 activity.
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Table 2. Effect of metal ions on Xln-2 activity.

Relative activity (%)

100

Residual activity (%)

80

Metal ions
60

5

10

20

40

None

100.00

100.00

100.00

20

Pb(NO3)2

75.74

72.70

73.04

(CH3COO)2Pb

71.33

77.31

74.31

(CH3COO)2Cd

90.44

88.46

87.91

AgNO3

51.85

0

0

CaCl2

84.56

91.54

90.09

CuCl2

67.66

59.63

0

CuSO4

69.13

48.86

0

CoCl2

138.96

133.80

127.60

FeCl3

64.35

52.20

0

FeSO4

38.62

38.09

41.44

MgSO4

86.40

90.39

88.49

0
25

30

35

40
45
50
55
Temperature (°C)

60

65

70

Figure 4. Effect of temperature on Xln-2 activity.

100

Residual activity (%)

Concentration (mM)

80
60

MnCl2

150.35

173.80

138.50

40

MnSO4

150.35

165.40

127.60

20

Li2SO4

86.76

88.85

87.82

ZnSO4

90.81

94.23

92.73

0
0

15

30
Time (min)

45
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Figure 5. Effect of polyhydric alcohols on Xln-2 stability: ( )
glycerol, (U) sorbitol, () reference.

enzyme was significantly activated in the presence
of Mn2+ and Co2+, and it was inhibited by Ag+, Cu2+,
Fe3+, Fe2+, and Pb2+.
Substrate specificity of Xln-2
The investigation of the substrate specificity of
Xln-2 revealed that the enzyme was highly active
on different types of xylans: oat spelt, birchwood,
beechwood, and colored RBV-birchwood xylan (data
not shown). Maximal activity was achieved in the
case of oat spelt xylan and the corresponding Km value
was 12.2 mg/mL. No enzyme activity was detected
on carboxymethyl cellulose or ρ-nitrophenyl-β-Dxylopyranoside. This indicated that Xln-2 is probably
an endoxylanase. Similar results were obtained for
the previously isolated endoxylanase Xln-1 from
Aspergillus niger B03 (9).

Xylan hydrolysis by Xln-2
Xylan hydrolysis by Xln-2 was investigated by
studying the change in the relative viscosity and in
the reducing sugar content (Figure 6). During the
first 10 min of the reaction, the viscosity of the xylan
solution rapidly decreased, which corresponded to
the increase in the reducing sugar concentration. The
analysis of the hydrolysates by HPLC showed that Xln2 formed significant amounts of xylooligosaccharides:
xylobiose (0.4 mg/mL), xylotriose (0.1 mg/mL),
xylotetraose (0.75 mg/mL), xylopentaose (0.5 mg/
mL), and a lower amount of xylose (0.05 mg/mL).
These results support the hypothesis for the endo
mechanism of Xln-2. A similar product profile was
reported for other endoxylanases (19-21).
The synergistic effect of Xln-2 with another
endoxylanase isolated from Aspergillus niger B03
(Xln-1) was studied by performing a hydrolysis of
birchwood xylan by the single and combined action
of both enzymes (Figure 7). The results showed
11
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Figure 6. Xylan hydrolysis by Xln-2 (40.0 mg/mL birchwood
xylan, 12 U Xln-2, pH 5.0, 40 °C): () relative viscosity,
(S) reducing sugars.

Figure 7. Synergism of Xln-1 and Xln-2 in xylan hydrolysis:
() Xln-1, (n) Xln-2, () Xln-1 and Xln-2, (S)
theoretically.

that the substrate was more effectively hydrolyzed
by the combined action of Xln-1 and Xln-2 in
comparison to the separate enzymes. Furthermore,
a synergistic effect was observed. The degree of
xylan hydrolysis by both enzymes was higher than
the theoretically calculated value. At the end of the
process, the increase was about 73%. These results
may be explained by the hypothesis that the xylosidic
linkages in xylan are not all equivalent and equally
accessible to xylanolytic enzymes. The accessibility
of some linkages also changes during the course of
hydrolysis. The production of a system of enzymes,
each enzyme with specialized functions, is one
strategy that a microorganism may use to achieve
superior xylan hydrolysis.

production and the preparation of low-molecularweight xylooligosaccharides with a prebiotic effect.
The isolated enzyme exhibited a synergistic effect
in the hydrolysis of birchwood xylan with another
endoxylanase from Aspergillus niger B03.
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